Heat stability was determined by heating the H.pylori cytosolic extract to 95°C for 30 min. For digestion of protein, the bacterial extract was incubated with 0.1 µg/ml trypsin for 2 h at 37°C. The reaction was stopped with soy bean trypsin inhibitor. For preliminary sizing of the protein, the cytosolic
Introduction
extract was centrifuged through a Millipore filter containing a 100 kDa filtration membrane.
The Gram-negative bacterium Helicobacter pylori plays a causal role in the pathogenesis of chronic type B gastritis and
Cell culture and co-cultivation experiments
peptic ulcer disease (1) . Chronic type B gastritis has been shown Two established human gastric epithelial tumor cell lines were used. HM02 cells are derived from a human, well-differentiated mucus-producing carcinoma to be sequentially followed by atrophic gastritis, intestinal (12) , and AGS cells were obtained from ATCC. Gastric cells were plated at metaplasia and carcinoma in a small group of patients, while a density of 2.5ϫ10 4 cells in 24-well plates or at 7.5ϫ10 4 cells in 12-well the majority of infected subjects remain asymptomatic (1, 2) . in tumor promotion. In vivo, enhanced ROS levels due to Cells were fixed with trichloroacetic acid (TCA) (final concentration 10%) neutrophil infiltration in H.pylori infected patients (6,7) as and stained with 0.4% sulforhodamine (SRB) dissolved in 1% acetic acid.
well as increased oxidative DNA damage in H.pylori infected Unbound dye was removed by four washes with 1% acetic acid. Then the cultures were air dried, and bound SRB was solubilized with 10 mM Tris base. The optical density was measured at 550 nm. Abbreviations: GSH, glutathione; ROS, reactive oxygen species.
Assessment of apoptosis
Apoptosis was assessed by two independent methods: (i) ELISA detection of cytosolic oligonucleosome-bound DNA and (ii) DNA-specific fluorochrome staining.
ELISA method. An ELISA kit (Boehringer Mannheim) that detects histoneassociated DNA fragments in the cytoplasm was used for quantitative measurement of apoptosis (10) . The test was performed according to the manufacturer's instructions. Briefly, after incubation with H.pylori extract the cell plates were centrifuged for 10 min at 200 g. After removal of the supernatant cells were lysed, and the lysate was centrifuged for 10 min at 200 g. Supernatant (20 µl) was transferred to a streptavidin coated microtiter plate and 80 µl of the reaction mixture containing anti-histone-biotin and anti-DNA-POD was added. After 2 h of incubation at room temperature the reaction mixture was removed by subsequent washes with buffer. An aliquot of 100 µl of substrate solution was then added, and the plate was incubated for 10 min at room temperature. The optical density was measured at 405 nm. Table I . Partial characterization of the DNA synthesis stimulatory factor of buffer, pH 7.4. After 15 min incubation at room temperature under light H.pylori exclusion, the same volume of RNase A (10 mg/ml in 10 mM Tris and 15 mM NaCl, pH 7.4) was added and cells were incubated for an additional 30
DNA
[ 3 H]thymidine uptake min at room temperature. At the end of incubation period cells were analyzed (% of control) using a Becton Dickinson FACScan and Lysis II software. Apoptotic cells were found in the sub-G 1 fraction; this was confirmed using camptothecin Control 100 (4 µg/ml), as a positive control.
Extract (untreated) 193 Ϯ 3* Extract (30 min at 95°C) 138 Ϯ 5** Assessment of ROS production Extract (trypsin) 98 Ϯ 7 ROS were determined with the cell-permeable fluorogenic probe 2Ј,7'-Extract (100 kDa retentate) 175 Ϯ 3* dichlorofluorescin diacetate (DCF-DA). The assay is based on the fluorescence Extract (100 kDa filtrate) 102 Ϯ 6 detection of dichlorofluorescein (DCF), which is formed by hydrogen peroxide oxidation of the non-fluorescent precursor dichlorofluorescin (14) . Cell mono-AGS cells were incubated for 24 h in RPMI 1640 medium alone (control), layers were incubated with 10 µg/ml DCF-DA and the H.pylori extract for with untreated, heat-or trypsin-treated H.pylori extract (HP 87, 20 µg/ml) 1 h at 37°C. After incubation, cells were harvested by trypsination, washed or the 100 kDa retentate and filtrate of the extract. [ 3 H]thymidine with RPMI 1640 and resuspended in PBS. Intracellular DCF was analysed incorporation was determined as described in Materials and methods. Values using a Becton Dickinson FACSscan and Lysis II software.
are means Ϯ SEM of three experiments.
Assessment of glutathione (GSH) levels
*P Ͻ 0.05 versus control. Cell monolayers were incubated with H.pylori extract for 24 h at 37°C. Cells **P Ͻ 0.05 30 min, 95°C versus untreated. were washed and lysed with 0.6 ml of 0.5% Triton X-100, and 60 µl of 50% TCA was added to the cell lysate. After centrifugation for 10 min at 14 000 g, GSH was determined in 20 µl aliquots of the supernatant with o-phthalaldehyde terial load decreased [ 3 H]thymidine incorporation. In contrast, 
Statistics
To examine the specificity of the H.pylori effect, comparative
Results are expressed as means Ϯ SEM of at least three independent experiments with C.jejuni extract (20 µg/ml) were performed. treatment. Filtration studies showed that the stimulatory activity on DNA synthesis was recovered within the 100 kDa retentate incorporation. Bacterial counts of 5ϫ10 6 and 10 7 c.f.u./ml significantly increased DNA synthesis, whereas a higher bac- (Table I) . extract (20 µg/ml) on gastric cell count (SRB assay, a marker for total cellular protein), DNA synthesis, DNA fragmentation and cell cycle distribution was investigated and compared with those of the mitogen EGF. EGF (1 ng/ml) significantly increased [ 3 H]thymidine incorporation, cell count, the number of cells in the G 2 /M phase and reduced the number of apoptotic cells. In contrast, the H.pylori extract had no effect on cell count and the cell cycle distribution detected by propidiumiodide FACSscan (Tables II and III) , but increased DNA fragmentation measured by ELISA detection of cytosolic oligonucleosome-bound DNA (Table II) and DNA staining with Hoechst 33342 (Figure 2 ).
Comparison of the effects of H.pylori extract and epidermal growth factor (EGF) on [ 3 H]thymidine incorporation, cell count, apoptosis and cell cycle

H.pylori induces poly(ADP-ribose) formation in gastric cells
One factor involved in the repair of DNA damage is poly(ADPribose)polymerase (17). The enzyme catalyses the synthesis of poly(ADP-ribose) from nicotinamide adenine dinucleotide. 
H.pylori induces oxygen radical production and reduces GSH levels in gastric cells
increase in oxygen radical production was detected in AGS cells treated for 1 h with H.pylori extract. In addition, the To investigate whether H.pylori extract is able to directly induce formation of oxygen free radicals in gastric cells, the H.pylori extract diminished GSH levels in a dose-dependent manner in whole-cell lysates from HM02 ( Figure 5 ) and AGS production of oxygen radicals was determined in AGS cells loaded with DCF-DA. As shown in Figure 4 , a significant cells (data not shown).
tory activity of H.pylori extract showed that this effect is probably caused by a protein with an apparent molecular weight of ജ100 kDa. Stimulation of DNA synthesis did not correlate with the presence of the vacuolizing cytotoxin and seems to be specific for H.pylori, since C.jejuni did not affect [ 3 H]thymidine incorporation. The data also suggest that this protein is released from H.pylori, because stimulation of DNA synthesis could be induced in a narrow concentration range with viable bacteria.
In vivo investigations have shown increased synthesis of ROS in the gastric mucosa of H.pylori infected patients (7,18). Davies et al. (19) found a positive association between ROS formation and the infective load of H.pylori. It was suggested that the sources of ROS production are probably host neutrophils, which are activated by soluble product(s) of H.pylori also been observed by Bagchi et al. (9) . However, these investigators did not address whether ROS formation is associated with DNA damage. Strong evidence exists that ROS play an important role in all stages of carcinogenesis (20,21). ROS cause formation of oxidized bases, single-strand breaks and crosslinking of DNA (4) . One important type of DNA damage is the base modification 8-hydroxy-guanine (22) . Baik et al. (8) reported increased levels of 8-hydroxy-guanine in gastric mucosal specimens of H.pylori infected individuals.
Enzymatic and non-enzymatic antioxidants provide the primary defence against ROS. H.pylori gastritis is associated with a significant decrease in the concentration of ascorbic acid in gastric juice (23) . This effect is independent of plasma ascorbate concentration, and it has been postulated that secretion of ascorbic acid from the circulation is disrupted (24). Our in vitro study has shown a large depletion of cellular functions and spare each other (25) . Any process that reduces the concentration of GSH potentiates the risk of ROS-induced Antioxidants abolish the effect of H.pylori on GSH levels and DNA damage.
DNA synthesis
DNA damage induced by ROS can be repaired by specific The antioxidant enzymes superoxide dismutase, catalase and and non-specific repair mechanisms (26). Since eukaryotic GSH peroxidase are the mainstay of the cellular antioxidant DNA is associated with histones, these proteins have to be defence system. MnTBAP (a cell-permeable superoxide dismuremoved before DNA repair takes place. The detachment of tase mimic), catalase and ebselen (a GSH peroxidase mimic) histones from DNA is supposed to be achieved by ADP-ribose partially abolished the effect of H.pylori extract on GSH levels polymers, which in the case of DNA damage are produced in HM02 cells (data not shown). In addition, all antioxidants by the nuclear enzyme poly(ADP-ribose)polymerase (27). inhibited H.pylori-induced DNA synthesis in AGS cells H.pylori extract markedly stimulated the formation of poly ( Figure 6 ).
(ADP-ribose) in AGS cells suggesting a damaging effect of H.pylori extract followed by subsequent DNA repair.
Discussion
There is ample evidence that ROS can induce cell proliferation, apoptosis and, at high doses, necrotic cell death (5 fold increase of apoptotic cell number in gastric mucosa of H.pylori infected patients. The number of apoptotic cells did of DNA synthesis. This effect was not associated with enhanced cell growth. H.pylori extract induced the production of ROS, not correlate with the extent of gastritis, implying that a bacterial factor was directly responsible for induction of reduced cellular GSH levels and stimulated poly(ADP-ribose) formation. These findings suggest that stimulation of DNA apoptosis. In this study we found that ROS formation was associated with apoptosis and increased DNA synthesis but synthesis may represent DNA repair in response to H.pylori induced DNA damage. Partial characterization of the stimulanot with an increase in cell numbers. These data suggest that
